n INTRODUCTION M usculoskeletal conditions affect hundreds of millions of people around the world (1) (2) (3) and are the most common cause of severe long-term pain and physical disability. The reported disease prevalence of musculoskeletal complaints ranges widely from 9.8% to 33.2% (4) (5) (6) (7) (8) , and it has been estimated that 15-45% of general practitioner consultations are for musculoskeletal problems (9, 10) . Almost onethird of people over the age of 75 years has a significant musculoskeletal problem, and the prevalence of locomotor disability rises from 3.1% in those under the age of 60 years to almost 50% in those over the age of 75 years (11, 12) . This demonstrates that an important part of health care resources is directed to musculoskeletal disorders (13, 14) , and that this economic burden should not be underestimated (15) . In Italy, the overall prevalence of musculoskeletal conditions in the general adult population was 26.7% (95% CI 25.4-28.5), being significantly higher among women than men (16) . On the other hand, other studies have estimated the prevalence of self-reported symptoms or musculoskeletal conditions as ranging from 12.4% to 44 .3% in various adult populations (16) (17) (18) (19) . A careful assessment of long-lasting pain is, therefore, a more demanding task than assessing acute pain for both clinical practice and clinical trials. This review considers the methodological issues concerning the clinimetric properties of a number of instruments currently used to assess patients with chronic musculoskeletal pain that are dimension and symptom specific, and include measurements of widespread pain, fatigue, sleep disturbance, mood, and overall well-being. Although not exhaustive, it has been based on an extensive search of the related literature and the experience of the authors, and national League of Associations for Rheumatology (WHO/ILARS) (26) (Tab. I). Given the multifaceted nature of chronic musculoskeletal pain and the new therapies currently being tested, there is a need to further refine these domains in order to develop a reliable and valid composite patient-reported outcome (PRO) response measurement tool that more accurately assesses treatment effects. The validity, reliability and responsiveness of PRO data in evaluating and monitoring patients with rheumatic conditions have been clearly documented (27) .
Chronic pain measurement tools
Pain assessment is an interactive and collaborative process involving the patient and his/her family, nurse, physician, and other health professionals who all provide the basis for selecting correct patient management. Ongoing comprehensive assessment is the cornerstone of effective chronic pain management, including an interview, physical assessment, medication review, medical and surgical review, psychosocial review, review of physical environment and Table I -Recommendations for assessing musculoskeletal pain in adults.
Evaluation of patient's history, interview information and results of physical examinations. Make adjustments to accommodate the patient' sensory deficits (e.g., provide written and oral instructions, use enlarged type and bold figures). Determine ability to complete the pain interview and to use available pain scales. Provide clear, simple instructions on the use of the pain scales each time administered to assure understanding. Identify an assessment tool that the patient can easily use. If the use of a Numeric Rating Scale (NRS) is questionable or the NRS is not the institution standard, the verbal descriptor scale (VDS) or Pain Thermometer have been shown to be the most preferred and easiest to understand tools and are recommended for those patients who are literate. The Faces Pain Scale is another alternative that is useful for some older adults. Use the same tool consistently with each assessment and standardize the conditions (e.g., medication use, function/activities being performed) and time of assessment. It is imperative that reassessments of pain and effectiveness of treatments be conducted using the same tool as in the original assessment. Pain tools are not interchangeable and do not represent comparable findings. Documentation concerning the patient's report of pain must be kept in an accessible location. For assessment data to be useful, they must be communicated across providers and care settings. Documentation procedures that facilitate monitoring and communication are recommended. Where brief assessment tools are needed, the VDS and the NRS are, generally, recommended for the assessment of pain intensity among patients who are cognitively intact and can self-report. Where a more detailed self-report assessment of functional impact is possible, the Brief Pain Inventory or the Chronic Pain Grade Questionnaire should be considered. For detailed assessment of pain qualities, the McGill Pain Questionnaire should be used for cognitively intact, patients who are literate. A comprehensive pain assessment should also include evaluations of impact of pain on related aspects of the patient's functioning and quality of life (e.g. associated symptoms, sleep disturbance, fatigue, physical activity changes, concentration, and relationships with others).
VDS, Verbal Descriptive Scales; NRS, Numeric Rating Scales.
F. Salaffi, A. Ciapetti, M. Carotti REVIEW the appropriate diagnostics. Assessment must determine the pain duration, frequency, intensity or severity, location, onset/pattern, quality or character effectiveness of treatments and impact on quality of life for patients and their families. Self-reporting is the primary source and this facilitates regular reassessment and follow up (28) . Various pain measurement scales have been developed but none are suitable for all patients. Furthermore, using these tools interchangeably is still not justified (29) .
Single-dimension assessment pain scales
In clinical settings, the instruments for measuring pain must be simple, quick to administer, and easily understood by the patient. The most used scales are visual, verbal and numerical or some combination of all three.
• Visual. Visual scales have pictures of human anatomy to help you explain where your pain is located. A popular visual scale (Faces Pain Scale) is particularly useful for children, who sometimes do not have the vocabulary to explain how they feel.
• Verbal. Verbal scales contain commonly used words such as low, mild or excruciating to help you describe the intensity or severity of your discomfort. Verbal scales are useful because the terminology is relative, and you must focus on the most characteristic quality of your pain.
• Numerical. Numerical scales help you to quantify your pain using numbers, sometimes in combination with words. Unidimensional scales provide rapid measurements and can be administered repeatedly with minimal administrative effort (28, 29) (Tab. II). Among several subjective methods for pain intensity measurement, visual analog scales (VAS), numerical rating scales (NRS), and verbal rating scales (VRS) proved to be reliable and valid. The three scales are significantly different from each other for the number of response categories, patient and clinician preference, likelihood of missing data and administration requirements (28) (29) (30) (31) . Although variations exist, the VAS typically consists of scores from 0-10 (or 0-100), with the far left being described as no pain and the far right as worst possible pain (Fig. 1) . The VAS provides a high degree of resolution and is probably the most widely used single-item measurement tool in clinical pain research (32) . However, disadvantages include being difficult to understand, leading to higher failure rates than than those reported for verbal rating scales (VRS) or numerical rating scales (NRS) (32) (33) (34) , especially in subjects with physical or cognitive impairment and in the elderly (35, 36) . Evidence shows that the visuospatial abilities required for the use of VAS are more affected by age than the lexical abilities required for use of a VRS or NRS (35) (36) (37) . VAS are also less reliable 
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Assessment of chronic musculoskeletal pain in illiterate patients. Understanding may be improved by the addition of markers to form a graphic rating scale (GRS) (Fig. 1) . These scales include a horizontal line that is anchored at both ends (no pain and worst possible pain) and graded 0-10 (or 0-100). Studies in other fields of medicine indicate that the anchors improve reliability and sensitivity, and do not necessarily lead to excessive marker bias (i.e. the tendency to be drawn towards the markers when completing the scale). The NRS scale ( Fig. 1 ), numbered 0-10, is another valid alternative. This scale, usually shown to patients as a horizontal line, is more practical, easier to understand for most people, and does not need clear vision, dexterity or pen and paper (28, 29, 38, 39) . The NRS may be used either verbally or visually. However, research indicates that the vertical NRS is more sensitive and easier for patients to use. This is especially true for patients who are under stress with a narrowed visual field. For this reason, the vertical NRS may be used for some patient populations or offered as an alternative to patients who have difficulty with the horizontal scale. It is also possible to determine the intensity of pain accurately using a normal or computerized telephone interview; in the latter, patients register the data directly in a database via their telephone keyboard. Pincus et al. (40) found that a circle with 21 numbers and an arithmetic scale offers an optimal alternative to a 10 cm horizontal line, over which it has at least three advantages: 1. it can be scored without a ruler, thus saving about half the time; 2. it eliminates the need to reproduce an exact 10 cm line when printing or photocopying questionnaires, thus avoiding the problem of minor distortions; 3. patients seem to understand how to respond better (some patients write words or even sentences on a line). Sometimes descriptive terms such as none, mild, moderate, severe, very severe are used for subjects who have difficulty in translating their pain experience into a number to form a descriptive verbal scale (DVS) (Fig. 1) . It includes adjectives that reflect the extremes (e.g. no pain to worst possible pain) and sufficient adjectives to capture gradations in between. However, this type of measurement tool has a number of statistical drawbacks and is usually used only as a coarse screening instrument (29, 34, 37) . The VAS and NRS agree well and are equally sensitive in assessing pain, and they are both superior to a 6-point DVS, but clinical trials have shown that NRS are more reliable, especially with less educated patients (35) (36) (37) (38) . The simplicity and ease of obtaining pain ratings is an overriding criterion for pain assessment in clinical settings, as shown by the prevalence of the use of a simple 0-10 cm NRS (35, 39, 41) . Figure 1 -The most common used one-dimensional pain intensity scales. The visual analog scale (VAS) consists of a line, usually 100 mm long, whose ends are labeled as the extremes (no pain and worst pain imaginable); the rest of the line is blank. The patient is asked to put a mark on the line indicating their pain intensity (at the present time, over the past week, or over the past 2 weeks, etc.). The distance between that mark and the origin is measured to obtain the patient's score. The addition of markers to the traditional pain VAS form a graphic rating scale (GRS). This scale includes a horizontal line with vertical bars of increasing height and anchors at both ends (no pain and worst possible pain). The line is graded from 0 to 10 (or from 0 to 100). The numerical rating scale (NRS) involves asking patients to rate their pain intensity by selecting a number on a scale from 0-10 (11-point scale), 0-20 (21-point scale), or 0-100 by filling in a questionnaire or stating verbally a numerical level (please indicate on the line below the number between 0 and 10 that best describes your pain. A 0 would mean no pain and a 10 would mean worst pain immaginable). Sometimes descriptive terms, such as none, mild, moderate and severe, are provided along the scale (this forms a verbal rating scale, VRS) for guidance, as shown, and the scale is then referred to as a GRS.
Global ratings of improvement and satisfaction in a clinical trial provide an opportunity for participants to aggregate all of the components of their experience (pain relief, improvement in physical and emotional functioning, side effects, convenience) into one overall measurement of their perception of the advantages and disadvantages of the treatment they received. Such measurements reflect the disparate values and preferences of individual patients and in so doing provide an important measurement of pain treatment outcome. Many different approaches have been used to assess participants' overall evaluation of their treatment in clinical trials. For example, the PGIC (Patient Global Impression of Change) scale provides a single, general estimate of improvement. The typical PGIC asks patients to rate their current status as: 1) very much improved; 2) much improved; 3) minimally improved; 4) no change; 5) minimally worse; 6) much worse; 7) very much worse. This measurement tool has the advantage of being applicable in a wide variety of conditions and treatments. They have also been used to determine the minimally important changes in quality of life measurements (42) . Other scales put numbers, descriptive words and colors along a VAS, such as the Visual Numeric Scale (VNS), the Anchored Logarithmic Scale (ALS), the Analogue Chromatic Continuous Scale (ACCS), and pain thermometers or pain rulers (Fig. 2) (28, 43, 44) . The VNS was developed to take advantage of the features of numerical scales while providing multiple visual cues, including the height and shading of the bars associated with each number and can, therefore, be considered a combined visual and numerical scale (39) . A modified version of a continuous pain VAS is the Anchored Logarithmic Scale proposed by Gracely which is intended to account for the fact that many sensory responses are inherently logarithmic rather than linear (45) . This scale uses descriptive anchors spaced along its length, with the spacing of the descriptor representing logarithmic changes in pain intensity. The Pain Thermometer aligns a thermometer alongside the words representing different levels of pain severity (43) (Fig. 2) . The Revised Faces Pain Scale (FPS-R) is a very popular visual scale. Designed for children aged 3 years and over, the FPS-R is also helpful for elderly patients who may be cognitively impaired (35, 46, 47) (43, 44) . It has been shown that older patients prefer thermometer scales considering them to be the easiest to understand, and these are recommended by national and international guideline panels (43, 48, 49) . Patients are shown the scale and asked to think that pain increases as you move to the top of the scale in the same way as temperature rises in a thermometer. These visual scales are excellent for patients with moderate or severe cognitive deficits, or who have difficulty communicating verbally.
Pain location
Topography of pain can be evaluated by means of the pain drawing, a diagram depicting the front and back of a human body on which the location (and sometimes other qualities) of the pain is marked. In some patients, the drawing might be influenced by psychosomatic disorders and be used to alert the physician accordingly, although there is a lack of high quality evidence to support the use of the pain drawing as a psychological assessment tool. Pain drawings used solely as pain locators generally show reliable results.
Pain diagrams or drawings
As widespread pain is one of the two fibromyalgia (FM) classification criteria proposed by the American College of Rheumatology (ACR) (49) , and widespread pain and/or the extent of pain has been the subject of many investigations, various simple pain diagrams or drawings have been validated (50) (51) (52) . Two of these are the Regional Pain Scale (RPS) (50) and the Self-Assessment Pain Scale (SAPS) (51) .
The RPS is a valid means of measuring the extent of pain that can be used to identify patients with FM, including those with concomitant rheumatoid arthritis (RA) and osteoarthritis (OA). The SAPS considers 16 non-articular sites by asking patients to indicate below the amount of pain and/or tenderness you have experienced in the last 7 days in each of the body areas, and has a series of site descriptions followed by four boxes labelled 0 = none, 1 = mild, 2 = moderate, and 3 = severe; the possible scores, therefore, range from 0 to 48 but in order to integrate them into one scale they have been transformed into a 0-10 scale (Fig. 3) .
Multidimensional pain scales
In many situations, a simple, one-item instrument is not sufficient to truly capture pain or quality of life (35, 52) . There are many comprehensive measurements of pain. These instruments typically measure several dimensions of pain (20, 23, 25, 26) . By assessing the pain experience in a more complex way, these scales may circumvent the commonly observed lack of association between pain intensity and disability. The most popular multidimensional pain scales are the McGill Pain Questionnaire (MPQ) (53) and the Short-Form (SF) MPQ (54), the Brief Pain Inventory (BPI) (55) and the Chronic Pain Grade (CPG) questionnaire (56, 57) . These questionnaires typically measure different combinations of vari- Figure 3 -The Self-Assessment Pain Scale (SAPS) (available online at http://arthritis research. com/content/11/4/R125) (51).
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REVIEW ous dimensions of pain: pain intensity and quality, affect, its interference with functioning, and its effects on the general quality of life. However, they are often lengthy documents and this may limit patient acceptance, especially when administered during the pain event.
The McGill Pain Questionnaire and Shortform McGill Pain Questionnaire
The complete MPQ is one of most widely tested instruments for measuring and assessing pain, and can provide detailed information on the characteristics of chronic pain (54, 58) . It is a complex questionnaire (it includes 78 pain adjectives divided into four major categories: sensory, affective, evaluative, and miscellaneous sensory) and takes 15-20 minutes to complete. It also includes questions concerning changes in pain over time, and the classification of pain intensity as mild, discomforting, distressing, horrible and excruciating (54) . It is, therefore, not easily administered in a non-research clinical setting, and simpler measures, such as VAS, have become more widely accepted for use in clinical research, clinical trials and clinical care. The Short Form (SF)-MPQ is a 15-item selfreport scale derived from the original MPQ (55) that contains three components. The pain rating index consists of 15 representative words rated on a 4-point Likert-type scale ranging from 0 (none) to 3 (severe): 11 sensory (e.g. tender) and four affective (e.g. sickening). There are also two items measuring pain intensity. Overall pain is assessed using an NRS consisting of a 10 cm visual line that approximates ratings between 0 (no pain) and 10 (unbearable pain). The Brief Pain Inventory (BPI) was developed to provide information concerning the intensity of pain (the sensory dimension) and the degree of pain that interferes with seven aspects of life: general activities, walking, normal work, relations with other people, mood, sleep, and the enjoyment of life (the reactive dimension). It also documents pain location on a body chart and the characteristics of the pain. It can be self-administered, or administered during a clinical interview or even over the telephone. As pain may vary during the course of a day, the BPI asks patients to rate their pain at the time of responding to the questionnaire (pain now), and also at its worst, least, and average over the previous week. Ratings may also be made for the previous 24 hours. The Chronic Pain Grade (CPG) questionnaire (56, 57) consists of seven items. Current pain intensity, worst pain intensity and average pain intensity in the previous six months are assessed by three items (1-3) using an 11-point rating scale (0 = no pain, 10 = pain as bad as it could be); one item assesses the number of days during that period on which the respondent has been kept from his/her usual activities (work, school, housework), and the remaining three items (5-7) assess disability in the previous six months. The extent of interference with daily activities, the ability to take part in recreational, social and family activities, and the ability to work (including housework) are assessed using an 11-point rating scale (0 = no interference, 10 = unable to carry on any activities). The questionnaire classifies chronic pain into four hierarchical grades: grade I (low disability-low intensity), grade II (low disability-high intensity), grade III (high disability-moderately limiting) and grade IV (high disability-severely limiting) (56, 57) . The CPG also assesses the number of days in the previous six months on which the subject was unable to carry out usual activities (work, school, housework) due to pain (days in pain). The questionnaire is easy to complete, and its brevity makes it attractive if correctly used.
Fatigue assessment
Fatigue is defined as an experience of feeling weak, tired and lacking energy that often comes and goes in normal circumstances. Patients with chronic pain say that fatigue is a common and debilitating symptom of their illness. The presence and severity of fatigue have been ascribed to a variety of causes, including disease activity, a lack of aerobic fitness, psychological depression, sleep disturbances, and co-REVIEW Assessment of chronic musculoskeletal pain morbid medical conditions. Although the etiology of fatigue is not always clear in individual patients, it is associated with a reduced quality of life and is often difficult to manage. Research into rheumatic conditions has identified a set of valid and reliable fatigue measurement scales based on rigorous evaluation standards, and the recommendations of the IMMPACT concerning outcome measurements for pain trials endorsed the proposal that fatigue should be measured in future studies of patients with chronic widespread pain.
Unidimensional fatigue measurements
Although fatigue can be assessed unidimensionally (e.g. by means of an intensity measurement alone), as a dichotomous variable (the presence or absence of a defined criterion), or by using 5 or 6-point DVS or NRS scales, the simplicity of these approaches needs to be balanced against the missed opportunity of capturing information concerning other dimensions, including qualitative differences that could potentially distinguish clinically meaningful fatigue subtypes. These simple scales presumably provide a global measure of fatigue severity (Tab. III). Another measurement that has been validated in a number of rheumatic conditions is the vitality scale of the Medical Outcomes Study (MOS) 36-Item Short-Form Health Survey (MOS-SF36 -VT) (59-61) which explores fatigue and the related concept of energy level. The item responses are rated using a 6-point Likert scale (from all of the time to none of the time), and the score can vary from 0 (the worst) to 100 (the best).
Multidimensional fatigue measurements
Multidimensional fatigue measurements capture more information about the characteristics or impact of fatigue, such as the global quality of life and symptom distress. A variety of measurement tools have proved to be useful in measuring fatigue in FM and other chronic conditions, including the Multidimensional Assessment of Fatigue (MAF) (62) and the Multidimensional Fatigue Index (MFI) (63) which measures various types of fatigue including physical and emotional fatigue. Another measurement tool validated in a number of disease states is the Functional Assessment of Chronic Illness Therapy (FACIT-Fatigue) system (64) which may be customized to certain disease indications. The Fatigue Severity Scale (FSS) (65) , originally developed to assess fatigue in patients with multiple sclerosis or lupus erythemetatosus, can also be used for patients with chronic musculoskeletal pain.
Sleep assessment
Some of the most prominent complaints of patients with chronic pain concern sleep, excessive daytime sleepiness, and fatigue, rather than pain itself. Affected individuals frequently report light, easily-disturbed sleep, and daytime tiredness, fatigue or sleepiness. The accurate assessment of the changes in sleep associated with treatment is, therefore, critically important. Sleep quality can be assessed using the singleitem Sleep Quality NRS (66) that instructs patients to select the number that best describes the quality of your sleep during (69, 70) , and the associated symptoms (an inability to concentrate, loss of motivation, disturbed sleep, fatigue, pessimistic mood) may affect their ability to benefit from treatment and rehabilitation programs. Psychological evaluation instruments come in varying lengths and formats (71) . Length is an important factor distinguishing the various scales and is defined on the basis of the number of questions or test items. Longer tests are more expensive to administer. These are sometimes needed to reach acceptable levels of reliability and validity, whereas screening instruments are short (sometimes ultra-short) measurements that are typically limited to one psychological domain such as depression or anxiety and are the easiest to implement in routine care settings. The brevity of ultra-short measurement tools offers a potential economic advantage because fewer staff resources are required for their completion. Short measurement tools (containing 5-20 items) include the Zung Self-rating De- 
Health-related quality of life assessment
The importance of assessing HRQL in patients with chronic pain has been documented by our recent studies of patients with inflammatory rheumatic diseases (RA, psoriatic arthritis and ankylosing spondylitis) (70), systemic lupus erythematosus (81, 82) , symptomatic knee and hip osteoarthritis (69), postmenopausal women with vertebral fractures (83) , and fibromyalgia (59) . In comparison with healthy controls, all of the rheumatic conditions significantly impaired all eight health concepts of the SF-36 in both the physical and mental component, but the disease with the worst HRQL for these dimensions was RA (70) . Overall, the dimensions typically affected in inflammatory rheumatic diseases were physical functioning, limitations due to physical function, and bodily pain, whereas the level of perceived HRQL in patients with fibromyalgia seems to be explained more by their mental health than by their physical condition (59, 69, 70, (81) (82) (83) . A number of pain-related quality of life selfadministered instruments have been constructed to evaluate pain-related functional disturbances in specific diseases or pain conditions in which the patient is asked to list the activities or tasks they regularly performed before the onset of pain but have since found difficult. When choosing the instruments to measure physical function and health status, a common distinction is drawn between generic and specific measurement tools (84, 85) : the REVIEW Assessment of chronic musculoskeletal pain first provide a broad picture of health status across a range of conditions, whereas the latter are more sensitive to the disorder under consideration and are, therefore, more likely to reflect clinically important changes.
Generic measurement tools
Generic measurement tools (typically developed for descriptive epidemiological or social science research purposes) may provide a profile of scores for different components of health status and HRQL, or operational definitions of various constructs summarized by a single index value. One concern with generic instruments is that they are sensitive to any changes in health (84) (85) (86) and so, if the primary interest is of a specific nature, other changes in general health interfere and may obscure the outcome of interest. Furthermore, a number of questions in a generic measurement tool may be inappropriate or irrelevant to a particular problem, or there may be too few items tapping a specific area (in an attempt to ensure a reasonable length). The most popular generic measurement tools are the SF-36 (60), the Sickness Impact Profile (SIP) (87), the Nottingham Health Profile (NHP) (88) , and the European Quality of Life Measure (EQ-5D) (89) .
Disease specific measures
Disease specific measurement tools are designed to assess specific diagnostic groups or patient populations, often with the aim of measuring responsiveness to treatment or clinically important changes (84, 85) . One obvious disadvantage of some disease specific measurement tools is that they do not allow comparative judgements between the outcomes of different treatments in patients with different health problems (e.g. for resource allocation studies) for which it is suggested to combine their use with generic measurement procedures. However, there are some broad disease specific measurement tools such as the Fibromyalgia Impact Questionnaire (FIQ) (90, 91) or Revised Fibromyalgia Impact Questionnaire (FIQR) (92), the Arthritis Impact Measurement Scales 2 (AIMS2) (93, 94) , and the Health Assessment Questionnaire (HAQ) (95) which include general aspects of functional status together with specific references to states or changes of particular concern to the target population. These disease specific measurements, therefore, considerably overlap generic measurement procedures.
n CONCLUSIONS
In conclusion, adequate assessment of chronic pain, using validated tools is an essential prerequisite of successful pain management. Over the past decade, a number of procedures and measurement tools have been developed to address assessment of chronic musculoskeletal pain and function in adults. One problem is that it is difficult to select the most appropriate approach, i.e. one that is sufficiently comprehensive but efficient. Outcome measurement procedures should meet each of the three major criteria of validity, reliability and responsiveness: the first two are important for all measurement tools, but responsiveness (sensitivity to change) is the quintessential requirement for any procedure used to evaluate changes following effective treatment. Furthermore, some pragmatic issues are also important: interpretability (the measurement tools should give results that are easily understood by others), acceptability (how acceptable is the measurement procedure for respondents to complete in terms of response rates, time required, cultural applicability, and so on), and feasibility (ease of administration and processing: i.e. the effort and burden of staff, and disruption to clinical care, as well as the professional expertise required to apply or interpret the measurement procedure, and the presence of a clear instruction manual).
In conclusion, a wide selection of measurement tools are currently in use, some of which are new and others which are traditional and well-established concepts, all with their advantages and limitations.
